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(54) VARIABLE VALVE TIMING CONTROLLER 

(57)Abstract: 

PURPOSE: To achieve the required operating conditions at high accuracy 
so as to fully improve engine and exhaust characteristics by enabling valve 
timing control of high accuracy. 

CONSTITUTION: The opening and closing timing of an intake valve 9 is 
continuously adjusted in accordance with a fundamental timing by driving a 
step motor. To correct the desired fundamental step number of the step 
motor in obtaining the fundamental timing, when the engine 1 is in a 
prescribed operating range and a negative pressure difference 
corresponding to the difference from a prestored intake negative pressure 
is generated a VVTECU(variable valve timing electronic control unit) 54 
corrects the desired fundamental step number according to the amount of 
advance of ignition timing at that time. Therefore, the fundamental timing 
corrected is directly reflected on the intake negative pressure, one of the 
final operating conditions. 



.59 



I 




I 1 — — «i 



'53 \ 



f 



3B' J 




, . 1 .~f< JTi 



25.03.1999 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the 
examiner's decision of rejection or application converted 
registration] 

[Date of final disposal for application] 

[Patent number] 3161152 

[Date of registration] 23.02.2001 

[Number of appeal against examiners decision of 
rejection] 

[Date of requesting appeal against examiner s decision of 
rejection] 



s Page 1 of 1 

* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The inhalation-of-air bulb which opens and closes the inhalation-of-air path which is characterized by 
providing the following, and which drives to predetermined timing synchronizing with rotation of an internal 
combustion engine, and leads to a combustion chamber, The opening-and-closing timing of the aforementioned 
inhalation-of-air bulb is based on predetermined basic timing. The adjustable valve timing mechanism which can be 
continuously adjusted to a tooth-lead-angle and angle-of-delay side, The adjustable valve timing control unit equipped 
with an operational status detection means to detect the operational status of the aforementioned internal combustion 
engine, and the drive control means which carry out drive control of the aforementioned adjustable valve timing 
mechanism based on the detection result of the aforementioned operational status detection means A depression-at- 
engine-manifold detection means to detect the depression at engine manifold in the aforementioned inhalation-of-air 
path changed with adjustment of the opening-and-closing timing of the aforementioned inhalation-of-air bulb The 1 st 
depression at engine manifold when the aforementioned adjustable valve timing mechanism will be in a predetermined 
primitive state and the aforementioned inhalation-of-air bulb is opened and closed to the aforementioned basic timing A 
negative pressure difference storage means to memorize beforehand a difference with the 2nd depression at engine 
manifold when drive control of the aforementioned adjustable valve timing mechanism is carried out so that the tooth 
lead angle of the aforementioned opening-and-closing timing may be carried out only for the specified quantity from the 
aforementioned basic timing When it is in the predetermined state where the operational status of the aforementioned 
internal combustion engine based on the detection result of the aforementioned operational status detection means was 
defined beforehand, Once cancel the drive control by the aforementioned drive control means, and while setting the 
aforementioned adjustable valve timing mechanism as the predetermined state where the depression at engine manifold 
in the aforementioned inhalation-of-air path turns into the 1st depression at engine manifold of the above When the 
operational status of the aforementioned internal combustion engine based on the detection result of drive control means 
and the aforementioned operational status detection means is in the aforementioned predetermined state at the time of 
the amendment which carries out drive control that the tooth lead angle of the account opening-and-closing timing of 
setting back to front should be carried out, When the difference of the survey depression at engine manifold based on 
the detection result of the aforementioned depression-at-engine-manifold detection means and the survey-time of the 
aforementioned amendment depression at engine manifold at the time of the start of drive control of drive control means 
exceeds the difference memorized by the aforementioned negative pressure difference storage means, It is based on the 
state of the aforementioned adjustable valve timing mechanism at that time, and is an amendment amendment means 
about the aforementioned basic timing. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates the opening-and-closing timing of an inhalation-of-air bulb to the 
adjustable valve timing control unit equipped with the adjustable valve timing mechanism which can be adjusted 
continuously according to the operational status of an internal combustion engine. 
[0002] 

[Description of the Prior Art] Conventionally, what was indicated by JP,59-1 108 17, A as this kind of technology is 
known. With this technology, the sensor for surveying one reference value of valve timing is formed. And that is 
detected when it becomes one timing with actual valve timing based on the detection signal from the sensor concerned. 
Based on this detection result, the gap by actual control timing and target timing is computed. And amendment of valve 
timing is made only for the part of the gap. Therefore, valve timing is maintained by this amendment so that it may 
always become desired value. 
[0003] 

[Problem(s) to be Solved by the Invention] However, valve timing cannot but be one condition of a controlled system to 
the last, and it is not the index finally demanded. Therefore, with the above-mentioned conventional technology, 
although the adjustment of target opening-and-closing timing and actual opening-and-closing timing improves, actual 
operational status did not necessarily become as the demand, namely, the error between paths until the timing is 
controlled though valve timing's becomes as a target, and it is reflected in actual operational status which is essentially 
inherent in hard — an amendment — things were not made Consequently, there was a possibility of having a bad 
influence on an engine property and an exhaust air property — a possibility that it may become impossible for a 
hydrocarbon (HC), a carbon monoxide (CO), etc. to decrease appropriately arises. 

[0004] This invention is made in view of the situation mentioned above, and the purpose is in offering the adjustable 
valve timing control unit [ the valve timing control with a high precision is possible, as a result ] which the operational 
status demanded is attained in a high precision, and can improve an engine property and an exhaust air property to the 
maximum extent. 
[0005] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, it sets to this invention. The 
inhalation-of-air bulb M4 which opens and closes the inhalation-of-air path M3 which drives to predetermined timing 
synchronizing with rotation of an internal combustion engine Ml, and leads to a combustion chamber M2 as shown in 
drawing I , The opening-and-closing timing of the inhalation-of-air bulb M4 is based on predetermined basic timing. 
The adjustable valve timing mechanism M5 which can be continuously adjusted to a tooth-lead-angle and angle-of- 
delay side, In the adjustable valve timing control unit equipped with an operational status detection means M6 to detect 
the operational status of an internal combustion engine Ml, and the drive control means M7 which carry out drive 
control of the adjustable valve timing mechanism M5 based on the detection result of the operational status detection 
means M6 A depression-at-engine-manifold detection means M8 to detect the depression at engine manifold in the 
inhalation-of-air path M3 changed with adjustment of the opening-and-closing timing of the inhalation-of-air bulb M4, 
The 1 st depression at engine manifold when the adjustable valve timing mechanism M5 will be in a predetermined 
primitive state and the inhalation-of-air bulb M4 is opened and closed to basic timing, A negative pressure difference 
storage means M9 to memorize beforehand a difference with the 2nd depression at engine manifold when drive control 
of the adjustable valve timing mechanism M5 is carried out so that the tooth lead angle of the opening-and-closing 
timing may be carried out only for the specified quantity from basic timing, When it is in the predetermined state where 
the operational status of an internal combustion engine Ml based on the detection result of the operational status 
detection means M6 was defined beforehand, Once cancel the drive control by the drive control means M7, and while 
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setting the adjustable valve timing mechanism M5 as the predetermined state where the depression at engine manifold in 
the inhalation-of-air path M3 turns into the 1st depression at engine manifold When the operational status of an internal 
combustion engine Ml based on the detection result of the drive control means M10 and the operational status detection 
means M6 is in a predetermined state at the time of the amendment which carries out drive control that the tooth lead 
angle of the opening-and-closing timing after a setup should be carried out, When the difference of the survey 
depression at engine manifold based on the detection result of the depression-at-engine-manifold detection means M8 
and the survey-time of amendment depression at engine manifold at the time of the start of drive control of the drive 
control means M10 exceeds the difference memorized by the negative pressure difference storage means M9, Based on 
the state of the adjustable valve timing mechanism M5 at that time, it is making to have had the amendment amendment 
means Mil for basic timing into the summary. 
[0006] 

[Function] As shown in drawing 1 , the inhalation-of-air bulb M4 is driven to predetermined timing synchronizing with 
rotation of an internal combustion engine Ml, and opens [ according to the above-mentioned composition ] and closes 
the inhalation-of-air path M3 leading to a combustion chamber M2. The opening-and-closing timing of the inhalation- 
of-air bulb M4 may be continuously adjusted to a tooth-lead-angle and angle-of-delay side by the adjustable valve 
timing mechanism M5 on the basis of predetermined basic timing. The operational status of an internal combustion 
engine Ml is detected by the operational status detection means M6, and drive control of the adjustable valve timing 
mechanism M5 is carried out by the drive control means M7 based on the detection result. 

[0007] Moreover, the depression at engine manifold in the inhalation-of-air path M3 changed by the depression-at- 
engine-manifold detection means M8 with adjustment of the opening-and-closing timing of the inhalation-of-air bulb 
M4 is detected. Furthermore, with the negative pressure difference storage means M9, the adjustable valve timing 
mechanism M5 will be in a predetermined primitive state, and the difference of the 1 st depression at engine manifold 
when the inhalation-of-air bulb M4 is opened and closed to basic timing, and the 2nd depression at engine manifold 
when drive control of the adjustable valve timing mechanism M5 is carried out so that the tooth lead angle of the 
opening-and-closing timing may be carried out only for the specified quantity from basic timing is memorized 
beforehand. 

[0008] And when the operational status of an internal combustion engine Ml based on the detection result of the 
operational status detection means M6 is in the predetermined state defined beforehand, the drive control by the drive 
control means M7 is once cancelled by the drive control means Ml 0 at the time of amendment. Moreover, while the 
adjustable valve timing mechanism M5 is set as the predetermined state where the depression at engine manifold in the 
inhalation-of-air path M3 turns into the 1st depression at engine manifold by the drive control means M10, at the time of 
amendment, drive control is carried out that the tooth lead angle of the opening-and-closing timing after a setup should 
be carried out. 

[0009] And when the operational status of an internal combustion engine Ml based on the detection result of the 
operational status detection means M6 is in a predetermined state, the difference of the survey depression at engine 
manifold based on the detection result of the depression-at-engine-manifold detection means M8 and the survey-time of 
amendment depression at engine manifold at the time of the start of drive control of the drive control means M10 is 
computed by the amendment means Mil. When the difference exceeds the difference memorized by the negative 
pressure difference storage means M9, basic timing is amended by the amendment means Mil based on the state of the 
adjustable valve timing mechanism M5 at that time. 

[0010] Therefore, according to this invention, on the occasion of the basic timing of the adjustable valve timing 
mechanism M5 being amended, it is not carried out based on the gap with actual opening-and-closing timing and target 
opening-and-closing timing, but is carried out based on 1 slack depression at engine manifold of the index of final 
operational status. That is, when the negative pressure difference equivalent to the difference of the depression at engine 
manifold beforehand memorized at the time of amendment arises, basic timing is amended based on the state of the 
adjustable valve timing mechanism M5 at that time. Therefore, compared with the case where it is carried out based on 
the gap with actual opening-and-closing timing and target opening-and-closing timing, the valve timing control after 
amendment will be more directly reflected in operational status. 
[0011] 

[Example] Hereafter, one example which materialized this invention is explained according to drawing 1 - drawing 6 . 
Drawing 2 is drawing showing the outline composition of the engine 1 as an internal combustion engine with which the 
valve timing control unit of this example is applied. The piston 3 is held in the cylinder 2 of an engine 1 possible 
[ vertical movement ]. A combustion chamber 4 is formed above a piston 3, and the inhalation-of-air path 5 and the 
flueway 6 are open for free passage to this combustion chamber 4. The free passage portion of a combustion chamber 4 
and the inhalation-of-air path 5 serves as a suction port 7, and this suction port 7 is opened and closed by the inhalation- 
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of-air bulb 9 attached in the cylinder head 8 possible [ vertical movement ]. Moreover, the free passage portion of a 
combustion chamber 4 and a flueway 6 serves as the exhaust air port 1 1 , and this exhaust air port 1 1 is opened and 
closed by the exhaust air bulb 12 attached in the cylinder head 8 possible [ vertical movement ]. 
[0012] The valve springs 13 and 14 of a compression state, a valve lifter 15, and 16 grades are attached to the 
inhalation-of-air bulb 9 and the exhaust air bulb 12. The inspired air flow path cam shaft 17 and the exhaust side cam 
shaft 18 are formed above each valve lifters 15 and 16 possible [ rotation ], and the cams 17a and 18a for opening and 
closing the aforementioned inhalation-of-air bulb 9 and the exhaust air bulb 12 to both the cam shafts 17 and 18 are 
formed in one. The timing pulleys 2 1 and 22 are attached in each edge of the inspired air flow path cam shaft 1 7 and the 
exhaust side cam shaft 18, and both the timing pulleys 21 and 22 are connected with the crankshaft by the timing belt. 
[0013] And the aforementioned valve springs 13 and 14 are energizing the inhalation-of-air bulb 9 and the exhaust air 
bulb 12 upwards so that valve lifters 15 and 16 may always contact Cams 17a and 18a. This energization direction is a 
direction which closes the aforementioned suction port 7 and the exhaust air port 1 1 . Therefore, if rotation of a 
crankshaft is transmitted to each timing pulleys 21 and 22 through a timing belt, the inspired air flow path cam shaft 17 
and the exhaust side cam shaft 18 will rotate. If Cams 17a and 18a resist the energization force of valve springs 13 and 
1 4 and depress valve lifters 1 5 and 1 6 periodically in connection with this, valve lifters 1 5 and 1 6 will press the 
inhalation-of-air bulb 9 and the exhaust air bulb 12 below, and will carry out switching action. 
[0014] At the aforementioned inhalation-of-air path 5, the fuel injection valve 23 is attached near the suction port 7. 
Moreover, the surge tank 24 for carrying out smoothing of the throb of inhalation air is arranged in the inhalation-of-air 
path 5 of an upstream rather than this fuel injection valve 23, and the throttle valve 25 opened and closed by operation 
of an accelerator pedal (not shown) being interlocked with is further formed in the inhalation-of-air path 5 of the 
upstream. And the inhalation air content to the inhalation-of-air path 5 is adjusted by opening and closing of this throttle 
valve 25. Near the throttle valve 25, the throttle opening sensor 26 which detects the throttle opening TA is attached. 
Similarly, the idle switch 27 is attached near the throttle valve 25. The close-by-pass-bulb-completely signal LL is 
outputted by this idle switch 27. This close-by-pass-bulb-completely signal LL is turned on when a throttle valve 25 is 
in a close-by-pass-bulb-completely state, and it is turned off in states other than a close by-pass bulb completely. 
[0015] Moreover, the BAL path path 28 which a throttle valve 25 is bypassed [ path ] in the inhalation-of-air path 5, and 
makes the upstream and downstream of a throttle valve 25 open for free passage is formed. In the middle of this bypass 
path 28, the idle speed control valve (ISCV) 29 is attached. ISCV29 is the so-called thing of the step motor formula 
from which Rota of a step motor rotates according to a pulse signal, valve element 29a moves by rotation of the Rota, 
and the effective-area product of a bulb changes. And the engine speed NE at the time of idle operation is controlled by 
adjusting the air content which adjusts the opening of this ISCV29 and flows to the bypass path 28. 
[0016] The gaseous mixture which consists of fuel injected from the aforementioned fuel injection valve 23 and the 
open air introduced into the inhalation-of-air path 5 is introduced into a combustion chamber 4 through a suction port 7, 
in case the inhalation-of-air bulb 9 is opened. In order to light the gaseous mixture introduced into this combustion 
chamber 4, the ignition plug 3 1 is attached in the cylinder head 8. An ignition plug 3 1 is driven based on the ignition 
signal distributed with the distributor 32. A distributor 32 is for distributing the high voltage outputted from an ignitor 
33 to an ignition plug 3 1 synchronizing with the crank angle of an engine 1 . And the gaseous mixture introduced into 
the combustion chamber 4 explodes and burns, and the driving force of an engine 1 is obtained through a piston 3, a 
crankshaft, etc. by ignition to an ignition plug 3 1 . Thus, the combustion gas generated in the combustion chamber 4 is 
discharged through a flueway 6 outside from the exhaust air port 1 1 , in case the exhaust air bulb 1 2 is opened. In 
addition, the rotational frequency sensor 34 which detects rotation of the Rota and outputs an engine rotation signal is 
prepared for the aforementioned distributor 32. If it puts in another way, an engine speed NE will be detected by the 
rotational frequency sensor 34. 

[0017] Furthermore, the coolant temperature sensor 35 which detects the cooling water temperature THW is attached in 
the cylinder block 19 of an engine 1 besides the various aforementioned sensors. Moreover, near the transmission (not 
shown), the neutral switch 36 which detects whether a shift position is in N range (neutral range) is formed. 
Furthermore, when an air-conditioner operates, it connects with the airconditioning switch 37 and headlight which are 
turned on, a heater, a defogger, etc., and when these operate, the electric-load switch 38 which outputs an ON signal is 
formed. And the operational status detection means is constituted by these throttle opening sensor 26, an idle switch 27, 
the rotational frequency sensor 34, the coolant temperature sensor 35, the neutral switch 36, the airconditioning switch 
37, and the electric-load switch 38 grade. 

[0018] It combines, and it is open for free passage on this tank 24, and the intake-pressure sensor 40 as a depression-at- 
engine-manifold detection means to detect the depression at engine manifold MV equivalent to the load of an engine 1 
is formed in the surge tank 24. 

[0019] Now, in addition to the fundamental composition of the above engines 1, by this example, the adjustable valve 
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timing equipment 39 as an adjustable valve timing mechanism for adjusting the opening-and-closing timing of the 
aforementioned inhalation-of-air bulb 9 is formed. Next, this adjustable valve timing equipment 39 is explained in full 
detail. 

[0020] As drawing 3 shows, much external-tooth 21a is formed in the periphery of the timing pulley 21 formed at the 
nose of cam (left end of drawing 3 ) of the inspired air flow path cam shaft 17, and boss 21b is formed in a part for a 
core. Moreover, tubed part 21c is formed in the interstitial segment of external-tooth 21a and boss 21b. And the timing 
pulley 2 1 has fitted into the point periphery of the inspired air flow path cam shaft 1 7 possible [ relative rotation ] in 
boss 21b. 

[0021] The inner sleeve 41 is attached in the apical surface of the aforementioned inspired air flow path cam shaft 17. It 
has large cylinder part 41a and small cylinder part 41b prolonged to the opposite side, large cylinder part 41a fits into 
the periphery of the aforementioned boss 21b, and the relative rotation of the inner sleeve 41 is possible for this inner 
sleeve 41 to the timing pulley 21 . Moreover, the inner sleeve 41 is attached in relative rotation impotentia with the bolt 
42 and the dowel pin 43 to the point of the inspired air flow path cam shaft 17. This inner sleeve 41 has regulated that 
the aforementioned timing pulley 21 moves to the shaft orientations of the inspired air flow path cam shaft 17. 
[0022] The aforementioned TAIMMINGU pulley 21 and the inner sleeve 41 are connected by the outer sleeve 44. The 
outer sleeve 44 is making the shape of a double cartridge which has outer case section 44a and container-liner section 
44b. Outer case section 44a of the outer sleeve 44 fits into the periphery of tubed part 21c of the timing pulley 21, and 
container-liner section 44b of this outer sleeve 44 is inserted between tubed part 21c of the timing pulley 21, and large 
cylinder part 41a of the inner sleeve 41. 

[0023] Furthermore, as for each, **** 41c, 44c, 44d, and 21d is formed in the periphery of large cylinder part 41a in the 
inner sleeve 41, the inside-and-outside periphery of container-liner section 44b in the outer sleeve 44, and the inner 
circumference of tubed part 2 1 c in the timing pulley 2 1 . If it has geared mutually and the outer sleeve 44 moves to shaft 
orientations from the relation of the engagement, the inspired air flow path cam shaft 1 7 will carry out relative rotation 
of these for **** 41c, 44c, 44d, and 2 Id to the timing pulley 21. 

[0024] The timing belt 45 is ****(ed) by external-tooth 21a of the timing pulley 21 , and rotation of a crankshaft is 
delivered that it mentioned above to the timing pulley 21 by this timing belt 45. Therefore, the timing pulley 21 
connected by transfer of this turning effort by the outer sleeve 44 and the inner sleeve 41 rotate in one, and the rotation 
drive of the inspired air flow path cam shaft 17 further connected with the inner sleeve 41 with the bolt 42 and the dowel 
pin 43 is carried out in one. 

[0025] The step motor 46 for moving this to the shaft orientations of the inspired air flow path cam shaft 17 is arranged 
in the front position of the aforementioned outer sleeve 44. A step motor 46 has two or more exiting coils, and rotates at 
a time one step in the predetermined direction by magnetizing the exiting coil one by one. The drive cylinder 47 which 
opened the rear face wide is attached in the output shaft of a step motor 46. Outside screw-thread 47a is formed by the 
periphery of the drive cylinder 47, and it is constituted as a worm gearing, moreover - a step motor 46 — the drive 
cylinder 47 — a wrap - like — carrying out — a tubed guide — the member 48 is being fixed 
[0026] The drive cylinder 47 fitted in possible [ relative rotation ] to the small cylinder part 41b periphery of the 
aforementioned inner sleeve 41 , and has penetrated the core of the outer sleeve 44. On the other hand, the bearing 49 
which has inner screw-thread 49a is attached to inner circumference by the outer sleeve 44 possible [ relative rotation ]. 
And screw-thread 47a has geared mutually outside inner screw-thread 49a of bearing 49, and the drive cylinder 47. 
[0027] slot 49b prolonged to shaft orientations forms in a part of peripheral face of the aforementioned bearing 49 - 
having — this slot 49b — the aforementioned guide — salient 48a prepared in the inner circumference of a member 48 is 
inserting This salient 48a enables movement to shaft orientations while preventing rotation of the aforementioned 
bearing 49. Therefore, if a step motor 46 drives and predetermined angle rotation of the drive cylinder 47 is carried out 
while the timing pulley 21 and the inspired air flow path cam shaft 17 are really rotating, the bearing 49 which is having 
rotation prevented will be moved to shaft orientations. In connection with this, the outer sleeve 44 in which bearing 49 
was attached is moved to the same shaft orientations, relative rotation arises between the timing pulley 21 and the 
inspired air flow path cam shaft 17, and torsion is given to this inspired air flow path cam shaft 17. 
[0028] Thus, with the aforementioned adjustable valve timing equipment 39, by carrying out drive control of the step 
motor 46, the position in the shaft orientations of the outer sleeve 44 is changed, and torsion is given to the inspired air 
flow path cam shaft 17 as the result. The opening-and-closing timing of the inhalation-of-air bulb 9 is adjusted by grant 
of this torsion. In this example, if the drive cylinder 47 of a step motor 46 rotates normally, the outer sleeve 44 will 
move to the method of the right of drawing 3 , and the opening-and-closing timing of the inhalation-of-air bulb 9 will be 
brought forward. Moreover, if the drive cylinder 47 is reversed, the outer sleeve 44 will move to the left of drawing 3 , 
and it is set up so that the opening-and-closing timing of the aforementioned inhalation-of-air bulb 9 may be delayed. 
[0029] In addition, oilways 51 and 52 are formed in the interior of the inspired air flow path cam shaft 17, and a 
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lubricating oil is supplied to the interior of the timing pulley 21 through those oilways 51 and 52. 
[0030] As shown in drawing 2 , the engine electronic control (henceforth Engine ECU) 53 which controls the engine 
speed at the time of fuel injection, ignition timing, and an idle etc., and the adjustable valve timing electronic control 
(henceforth WTECU) 54 which carries out drive control of the adjustable valve timing equipment 39 are formed in the 
aforementioned engine 1 . Drive control means and the amendment means are constituted by this WTECU54 at the 
time of drive control means, a negative pressure difference storage means, and amendment. Now, the aforementioned 
throttle opening sensor 26, an idle switch 27, the rotational-speed sensor 34, a coolant temperature sensor 35, the neutral 
switch 36, an airconditioning switch 37, the electric-load switch 38, and the intake-pressure sensor 40 are electrically 
connected to the input side of an engine ECU 53, and a fuel injection valve 23, ISCV29, and the ignitor 33 are 
electrically connected to the output side. 

[0031] If an engine ECU 53 judges that an engine 1 is an idle state based on the detection result of an idle switch 27 etc., 
it will ask for the deflection of the target rotational frequency according to the operational status (ON of the cooling 
water temperature THW and an airconditioning switch 37, OFF, etc.) of an engine 1, and the engine speed NE detected 
by the rotational frequency sensor 34. And an inhalation air content required to make the deflection into zero is 
computed, and feedback control of ISCV29 is carried out based on the calculation result. 

[0032] Moreover, engines ECU53 and WTECU54 connect possible [ data communication ], and the signal from each 
sensor incorporated by the engine ECU 53 as mentioned above is sent out to WTECU54. The step motor 46 of the 
aforementioned adjustable valve timing equipment 39 is electrically connected to the output side of this WTECU54. 
WTECU54 is [ a central processing unit (it is called Following CPU) 55 and ] the memory only for read-out (it is 
called Following ROM). It has 56, RAM (it is called Following RAM) 57, input port 58, and an output port 59, and 
these are mutually connected by bus 61. CPU55 performed various data processing according to the control program set 
up beforehand, and has memorized beforehand a control program and an initial data required in order that ROM56 may 
perform data processing by CPU55. Moreover, RAM57 stores temporarily the result of an operation of CPU55. 
[0033] CPU55 inputs the signal from the aforementioned throttle opening sensor 26, the rotational frequency sensor 34, 
a coolant temperature sensor 35, a neutral switch, an airconditioning switch 37, the electric-load switch 38, and the 
intake-pressure sensor 40 through an engine ECU 53 and input port 58. CPUS 5 outputs a driving signal to a step motor 
46, in order to control the opening-and-closing timing of the inhalation-of-air bulb 9 according to these signals. 
[0034] The amount theta of tooth lead angles shows whether by being given at the angle, when the tooth lead angle of 
the opening-and-closing timing of the inhalation-of-air bulb 9 here is carried out what times from the angle which serves 
as criteria in detail, the inhalation-of-air bulb 9 closes it. In this example, the amount theta of tooth lead angles when 
becoming the latest opening-and-closing timing (basic timing) on control is set as "C degrees." 
[0035] And in order to make the inhalation-of-air bulb 9 open and close to the aforementioned opening-and-closing 
timing, CPU55 computes it is necessary what step rotation of the drive cylinder 47 of a step motor 46 to carry out from 
a criteria position based on predetermined operation expression, and sets this to target number-of-steps Vstep. And 
fundamentally, CPU55 carries out drive control of the step motor 46 so that it may be set to target number-of-steps 
Vstep in which the number of steps of a step motor 46 carried out [ above-mentioned ] calculation. Moreover, similarly, 
in order to make the inhalation-of-air bulb 9 open and close to the aforementioned basic timing, CPU55 computes it is 
necessary what step rotation of the drive cylinder 47 of a step motor 46 to carry out from a criteria position based on 
predetermined operation expression, and sets this to target basic number-of-steps Cstep. Furthermore, CPU55 performs 
suitably required amendment which is described below, when an engine 1 is in predetermined operational status to 
computed target basic number-of-steps Cstep. 

[0036] Next, target basic number-of-steps Cstep for obtaining the above-mentioned basic timing is explained about 
processing of an amendment case about control of the aforementioned adjustable valve timing equipment. 
[0037] Drawing 4 and drawing 5 are flow charts which amend target basic number-of-steps Vstep among each 
processing performed by CPU55, and show the "basic timing amendment routine" of an amendment sake for the basic 
timing of the inhalation-of-air bulb 9. This routine is performed as regular interruption processing for every 
predetermined time to the main routine for performing the usual valve timing control. 

[0038] If processing shifts to this routine, CPU55 will first read the close-by-pass-bulb-completely signal LL, the 
cooling water temperature THW, and switch signals various [ other ] in Step 101 based on the detecting signal from an 
idle switch 27, a coolant temperature sensor 35, the neutral switch 36, an airconditioning switch 37, and the electric-load 
switch 38. 

[0039] Next, in Step 102, it judges whether the close-by-pass-bulb-completely signal LL read at Step 101 is "ON." And 
when the close-by-pass-bulb-completely signal LL is not "ON", subsequent processing is once ended as what is not an 
idle state. And processing is returned to a main routine. 

[0040] On the other hand, when the close-by-pass-bulb-completely signal LL is "ON", it shifts to continuing Step 103. 
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In Step 103, it judges whether it is beyond the predetermined value alpha as which the cooling water temperature THW 
read at Step 101 was determined beforehand. And when the cooling water temperature THW is not beyond the 
predetermined value alpha, as that by which the engine 1 is not yet warmed fully, subsequent processing is once ended 
and processing is returned to a main routine. 

[0041] Moreover, when the cooling water temperature THW is beyond the predetermined value alpha, in the following 
step 104, it judges whether both the switch signals of the airconditioning switch 37 and the electric-load switch 38 
which were read at Step 101 are "OFF." And when neither of aforementioned switch signal is "OFF", since the electric 
load is added, as a difficult thing, fitness amendment once ends subsequent processing and returns processing to a main 
routine. 

[0042] On the other hand, when both the aforementioned switch signals are "OFF", in continuing Step 105, it judges 
whether the switch signal from the neutral switch 36 read at Step 101 is "ON." and when the switch signal from the 
neutral switch 36 is not "ON", the present shift position is in not N range but the state of not being suitable for 
amendment — a thing is carried out In this case, subsequent processing is once ended and processing is returned to a 
main routine. 

[0043] Thus, subsequent processing is not performed, when there is no present operational status in an idle state, or 
when suitable conditions to amend basic timing are not ready. On the other hand, when satisfying each conditions of all 
of the above-mentioned step 102 - Step 105, subsequent processings are performed as a thing in suitable operational 
status to amend basic timing. 

[0044] That is, CPUS 5 makes the opening of ISCV29 fix in Step 106. If it puts in another way, rotation of Rota of the 
step motor of ISCV29 will be stopped, by fixation of this opening, the air content which flows to the bypass path 28 in 
an idle state serves as about 1 law, and an engine speed NE serves as about 1 law in connection with this 
[0045] Next, in Step 107, drive control of the step motor 46 is carried out so that it may become the latest opening-and- 
closing timing on composition (hard), namely, so that the amount theta of tooth lead angles may serve as the maximum 
angle-of-delay slack on hard "A degrees." Moreover, the number of steps at this time is set to maximum angle-of-delay 
number-of-steps Astep. 

[0046] Moreover, in Step 108, the depression at engine manifold MV when the amount theta of tooth lead angles 
becomes the maximum angle of delay "A degrees" is read based on the detection from the intake-pressure sensor 40. 
Here, the data explained below are beforehand memorized by ROM56 of WTECU53. That is, drawing 6 is a graph 
which shows the relation of the depression at engine manifold MV to the amount theta of tooth lead angles of the 
inhalation-of-air bulb 9. it is shown in this drawing - as ~ the amount theta of tooth lead angles — a hard top ~ the 
maximum — the angle of delay — "A degrees" to a control top — the maximum — the angle of delay — in the between to 
"C degrees", depression at engine manifold MV takes the largest value "a" And it hits and the shell depression at engine 
manifold MV is in the inclination whose amount theta of tooth lead angles exceeded "C degrees" and which becomes 
small gradually. Now, the data beforehand memorized in this example are the value "a" of the depression at engine 
manifold MV in the maximum angle-of-delay slack on control "C degrees", and the value "b" of the depression at 
engine manifold MV in "C degrees" to "B degrees" to which the tooth lead angle only of the specified quantity was 
carried out. However, the number of steps of a step motor 46 is target basic number-of-steps Cstep then in "C degrees", 
and the number of steps in "B degrees" is fixed quantity tooth-lead-angle number-of-steps Bstep. Therefore, in Step 108, 
the value of the depression at engine manifold MV when the amount theta of tooth lead angles becomes the maximum 
angle of delay "A degrees" is "a." 

[0047] Next, in Step 109, the number of steps of a step motor 46 is increased to 1 step tooth-lead-angle side. And in 
Step 110, the depression at engine manifold MV at that time is read based on the detection from the intake-pressure 
sensor 40. And the value at that time is set to "bl ." 

[0048] Then, in Step 1 1 1, the value of the depression at engine manifold MV which read CPUS 5 at Step 108 subtracts 
the value "bl" of the depression at engine manifold MV read from "a" at Step 110. Moreover, it judges whether the 
subtraction value (a-bl) exceeded the difference (a-b) of depression at engine manifold based on the data memorized 
beforehand (above **♦***). When the subtraction value (a-bl) is not yet over the difference (a-b) of depression at 
engine manifold, it shifts to Step 112 and the value "bl " of the depression at engine manifold MV read at Step 1 10 is 
eliminated from data. And it shifts to Step 1 09 again and the number of steps of a step motor 46 is increased to 1 step 
tooth-lead-angle side, and processing of Step 110 and Step 1 1 1 is repeated until a subtraction value (a-bl) exceeds the 
difference (a-b) of depression at engine manifold. 

[0049] Moreover, when a subtraction value (a-bl) exceeds the difference (a-b) of depression at engine manifold, it shifts 
to Step 1 13. In Step 1 13, the maximum angle-of-delay slack on control "C degrees" is amended based on the value of 
the amount theta of tooth lead angles at that time. That is, when the value of the amount theta of tooth lead angles at that 
time is made into "Bl degree", the value which subtracted the difference of "Bl degree" to "B degrees" and "C degrees" 
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is newly set up as the maximum angle-of-delay slack on control "C degrees" [C=B1- (B-C)]. 
[0050] Moreover, in Step 1 14, the value which subtracted the difference of number-of-steps Blstep to fixed quantity 
tooth-lead-angle number-of-steps Bstep when the value of the amount theta of tooth lead angles becomes "Bl degree", 
and the target basic number-of-steps Cstep till then is newly set up as target basic number-of-steps Cstep on control 
[Cstep=B 1 step- (Bstep-Cstep)]. And subsequent processing is once ended and processing is returned to a main routine. 
[0051] As explained above, according to the adjustable valve timing control unit of this example, based on 1 slack 
depression at engine manifold MV of the index of final operational status, amendment was made to carry out target 
basic number-of-steps Cstep for obtaining basic timing to an amendment case. That is, when the negative pressure 
difference (a-bl) equivalent to the difference (a-b) of the depression at engine manifold MV beforehand memorized at 
the time of amendment arises, based on the amount theta of tooth lead angles at that time, target basic number-of-steps 
Cstep is amended. Therefore, unlike the conventional technology in which amendment is performed based on the gap 
with actual opening-and-closing timing and target opening-and-closing timing, the basic timing after being amended 
was more directly reflected in depression at engine manifold MV. Consequently, the valve timing control after 
amendment will be more directly reflected in operational status. Therefore, the operational status which can perform 
valve timing control with a high precision, as a result is demanded can be attained in a high precision, and an engine 
property and an exhaust air property can be improved to the maximum extent. 

[0052] If it puts in another way, in this example, it can amend also with the error between paths until valve timing is 
controlled and it is reflected in actual operational status which is essentially inherent in hard. Sharp reduction of the 
hydrocarbon (HC) accompanying increase of the internal EGR in the result, especially low loaded condition, a carbon 
monoxide (CO), etc. can be aimed at. 

[0053] In addition, this invention is not limited to the aforementioned example, in the range which does not deviate from 
the meaning of invention, can change a part of composition suitably, and can also carry it out as follows. 
(1) Although shape was taken in the aforementioned example in the engine 1 of the type which performs idle speed 
control, it is applicable also to the engine 1 of the type which does not have ISCV29. Only when it judges whether the 
throttle opening TA is being fixed instead of processing of Step 1 06 in this case and the opening TA is being fixed to it, 
you may make it make it shift to the next processing (Step 107). 

[0054] (2) Although the adjustable valve timing equipment 39 which makes a step motor 46 a driving source was 
adopted in the aforementioned example, it is also possible to adopt the adjustable valve timing mechanism of for 
example, a hydraulic-drive formula also out of it. 

[0055] (3) In the aforementioned example, although shape was taken to the gasoline engine 1, shape can also be taken to 

a diesel power plant. 

[0056] 

[Effect of the Invention] the state of the adjustable-by detecting depression at engine manifold according to adjustable 
valve timing control unit of this invention, as explained in full detail above valve timing mechanism according to the 
change - being based — basic timing - an amendment - it was made like Therefore, the operational status which can 
perform valve timing control with a high precision, as a result is demanded is attained in a high precision, and the 
outstanding effect that an engine property and an exhaust air property are improvable to the maximum extent is done so. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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OMt^5) 5 6<h. 7>^A7^tX/ : tU (RTR 
AMt^5) 5 7<h, A^-h5 8i, UJ**- h 5 

9 £&m?L. ^nstts^uu 6 i i:ioT8«sn 

T^5. CPU5 5H ^a&R^snfcSHW^P^^A 
KftoTS-«Si*ffi3S£JgfTU ROM56UCPU5 

50 fflfflx— ^*^#!E1fibT^£ 0 RAM5 7BC 
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P U 5 5 <BiR»raS£— P#K«T£. 
[0033] CPU55H X>y>ECU5 3S^A 

^KMJEir >1t 4 0^6^)fi^S: A^T^o CPU 5 5 

^-rso 

[0 0 3 4] C CT©Rg;wy 9 ©BBB^-f ^ 

[0 0 3 5] ^UT, CPUS 5tt, mrSeH9S§^-f ^ > 
-*4 6©JBWlWl4 7 Sr> *qiffi«*6firXT-y ^IhIS 
dtl^a^X^^y^Vstepif So ^L/T, CPUS 

y^E-^4 6*K»Wffll"rs. HttCCPU5 5 

fcfclctt, X^^^-^4 6<Z)ffiWifS4 
g^^HX^^^©e$iiS^M^feS^^0f^^«^ 

i-TSo £ btC. CPUS 511 ftillfcglS*Xf 
*:/*Cstepfc:»U x>^>1^9f^(^31te«S8tc* 

[0036] mm*\w^)v-?5>^ =i>ifmm<DM 

*X^y^*Cstep*«iEt*S«^©ffia^^ViT8iM 

TSo 

[0 0 3 7] 042fc^BI5ttCPU 5 5 (CcfcoT^ff $ 
n^)#ll©3^, g^S#X^y:/§&Vstep£ffiIEL 

~e&£o c:<d;u— i1«coa*;u^<^>^W« 

[0 0 3 8] jffiiJd^^-fX^fTt^t, CPU 
5 5H S-fX^^y 1 0 1 lC43t^T, 7^KM-f 7 
f 27, 7K^-tr>1t3 5, X:x— bz?)V7s^ 7f 3 6, 
X73>M7f3 7, lgMX^7f3 8^6^ 
£Kfs-^cS^#, ^Iflfi-^LL, »»*«THW;ftt«E- 

[0 0 3 9] ^JC, Xx^yi 0 2 JC&^TH XT7 
^1 0 lttoMfc^Hfl^LL^ r^->j 
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S^SrWWTS. fit, ^BBM^LL^ r^->j 

(Dmmz-RfeT-rz. fit, mm&t-f >;i/-^> 

[0 0 4 0] — ±H«*tLLj&« r^->j <£>S^tc 
tt, i<7T7^10 3^frt^o Ts^yZfl 0 3C 
*3^T«, Xf7^1 0 1 Ti!^^fc^*^THW 

[0 0 4 1] »»*ffiTHW**mSffiaJK±<B« 
fcOX^yZfl 0 4lC£^T> 7f7^10 1 

ma^x73>^7f3 7s^iaftf7^ y 

5^3 8<Z>X*Y y^IWftlC r*y J T?****5a**« 

W-TSo ^IT, 89fBX-f y r^-^j t& 

[0 0 4 2] — Misx-r r^j <& 

1 T^&A,£:X;x — h ^;i/X-f 7f 3 6^^ GDX-f *y 
r*>j T*$»^^$flit^o fit, X 

zl— h^x-r !y^3 6^6cox-r r^->j 

*r<D'&<Dism&— bj&tu mw&*^ >)i-?- 
30 [0043] ^<d&o\z, m&<»mwfcmifi7 <i f;m* 

Stefrfrn&^o — ±fBX^^y 1 0 2-Xt7^ 

1 0 5(D^ff^^T«£t^i^f:H s*^-r a> 

^(DttlE £ ff -5 <£> fc iS *»&atett8l fC & S h <D t U T, 

[0 0 44] ~Tf£t>%, X^ryZfl 0 6 (C^V^T. CP 
U5 5H ISCV2 9Wi^i^^ <> iftn 
tf. I SCV2 90XT7^-^©O-^00g*ff 

cintctf^T, x>i;>iHi<EScNE*naK— 
[0 0 4 5] ^7-7^1 0 7 (c^v^t, ^fiE 

[0 0 4 6] 7f7^1 0 8 JC43V^Ttt. K^ffi 

•tr>-y-4 o^&ottBus^f, itfta^^jss^ ta 

so 0 j t?5:ofci:#©KaftffiMVS:K*jitf. ddT, 



1 
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VVTECU53©ROM56Cft % &\ZWR'?Z>T— 
Batdfe^Ttt, K^CftEEMV r a j tti«5 

TB° J t£43frt£©g[^JE£MV0D{i TbJ T&£ 0 ffi 
U TC° J iC^tf^cD^X^y:/^-^ 6 COX 

ft r a° j tftofctt^K^tEMV^Itt r a j t 

[0 0 4 7] Xf7^1 0 9^43^T> Xt7^ 

<5o f IT, Xt-^^I 1 0fc43^Ttt, ®»EE-tr>i^ 

*iitTo ^IT> ^C7)<h^G9fit£ rbij <ht*£. 
[0 0 4 8] m^T. Xt7^1 1 1 tc4ol/>T> CPU 
5 5tt, Xf^^l 0 8Ttt*^JER^fiJBEMV<Dffi 
tt Taj *6Xfyyi 1 0-e«*i^£»»ABEMV 

©fi rbu ^Mff-r^o s=;t* ^(Dffinm (a-b 

1) T»IE«SnTV^5 f -^fca6^<lWMlfl£0!) 
H (a-b) *iAfc*§* (BUbW§a>T?*>J:H) £ 
WUrrs. MUM (a-bl) ^©^ftJECO^ (a - 
b) S*«:jeATl^^«^tc:tt, Xf7^1 1 2^ 
frU 1 OTM^^fcK^ftEEMVOOflt 

Tblj ^T-^^eiin. fit, BSXf7^ 
1 0 9^frU Xryyt- ^ 4 6 (OX^y 1 
X5^y7ii^{BiJ^*$-S\ MffM (a-bl) 
fkJ£(Dm (a-b) ^aASSTXf^yi 1 OWX 

[0 0 4 9] Sfc, ffifffi (a-bl) ^SiatE^i 
(a-b) €r@Afc«-&^tt, Xf7^1 1 3 ^WtfT 

"T&irS* ^CD£^<£>jt£l»<9(Dfii2: TBI 0 J tbfe 

*§£\ tbi° j i"b° j t rc° j toimzm 
»\srzm&mtz\zfflw±<z>mmftrcz> rc° j tutR 

fe~t%> [C = B 1 - (B-C) ] o 
[0 0 5 0] X5=-y:/l 1 4K*3^Ttt, it^S 

d©t*« TBI 0 j taofctS^ry^RB lstep 

BSS^Xx^^ScCstepiibTH^-rs [Cstep=B 
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lstep- (Bstep-Cstep) ] . f IT, -€-<Z>&4)ftl9 

[0051] Ek±mmvtc^z>\z. *jsnm<t>*i&vv 

tC^LT<^a^S*X^^y|gcCstep*«iE-r^*'& 

tC&^T, ^*fBti$tl^®^:ft)£MVcr)M (a-b) 
£«MS?-SAffi£ (a-bl) ^Ufc^^tc. ^<7)£ 

-r&mm?^ ^ >#£<D?niz&-3\,*TffijE&nt>n2> 

20 [0052] jftw-rntf, /W^-f 5 

ffifw*^SrtlBEGR<^ii*:^'5j^{b** (HC) 

*\ — KflsR* (co) «<o^:«afi«S:Bi*^t*«-c 

[0 0 5 3] ^<0»Wf4«9C*««JclB*an* 

30 (1) «HB^Jfi«Ttt, Z-f K;UXtf- K3> ho-jl/ 
Srffp^-f ^X>y>l ISCV2 

9 &m\suw<>i 7 p c^x>>?> i £ feiiffi-r^ c (t^T 

[0 0 5 4] (2) Wffi^JSfllTtt, Xry^^4 

6 t-r* Bix/t;i/^^>r ^ >^s 3 9 ^Sffi 

[0 0 5 5] (3) MflB^jSfiflajTtt, ^y'J>X>v> 
[0 0 5 6] 

^chtccto, Jtn&fciz&vfcviwvi/?*^ *>ifm 

i^ttlCS^^TS*^^ ^ >^Sr.fflIE-r^J: o \z L 



(8) 
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man,* mMm&, #»»tt£«*Ric&#T*£i*< 

[0 3] — jQIS«JCfi»-5?I*;^^-f 5>^SS«© 
[04] — ^JSMJCfe^T. CPU{CJ;oTllff $n^> 

[05] — ^JfiWfctS^T* CPUtCckoT^fT^n^) 
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[0 6] --ftttMic^tiT. Ka/wy<Djtft*»c»-r 

□l— h^;UX-f 3 7-X73>X<7^ 38- 

isT<D*s&w7*<t *>>fmm. 4 o -«»#ijBEtftHj 

^VVTECUo 
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